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The maximum number of shoots produced from the base of an 
older shoot was three, hut once the new shoots were excised, 
shoot production was more prolific. 
Some of the shoots wae placed onto hormone· free media to 
allow rooting to occur (Figure I D). The plants were then 
removed from culture and planted in a fine bark seedling mix. 
They were placed in a mist house with overhead misting and bot-
tom heat (30°C) for 2 weeks to acclimatize. After this, the plants 
were placed in a greenhouse and watered twice weekly. There 
was an 80% survival rate. 
Although this is a fairly slow means of obtaining numerous 
plants, it is faster than vegetative propagation via the splitting of 
stolons. As seeds are unobtainable. in vitro culture is an excellent 
means of conserving and increasing the numbers of thi s plant. 
Acknowledgements 
Thf.! University of Natal Research Fund and the Foundation for 
Research Development arc thanked for financial support. 
References 
CODD. L.E. 1968. The South African spec ies of Klliphofia. Borhalia 9: 
438-439. 
DAHLGREN. R.M.T .. CLIFFORD H.T. & YEO P.F. 1985. The families 
of the Monocotyledons: structure , evolu tion and taxonomy. pp. 179-
182. Springer-Verlag. Berlin. 
MURASHIGE. T. & SKOOG, F. 1962. A revised medium for rapid 
growth and bio-assays with tobacco tissue cultures. Physi%gia PI. 
15: 473-497. 
NAYAK. S. & SEN, S. 1990. Differentia! requirement for organogenesis 
in tWO species of Knip/)(/fia.lnd. 1. expo Bioi. 28: 17 1-173. 
Atomic force microscopy images of a 
pollen grain: A preliminary study 
C.M. Demanet* and K. Vijaya Sankar 
Department of Physics, University of Transkei, Private Bag X1 , 
Umlata. 5100 Republic of South Africa 
Received lJ Mon:1I 1996; revised 7 May 1996 
We present in this short communication the first, to our knowledge, 
non-contact atomic rorce microscopy (AFM) image of a pollen 
grain . The advantages of non-contact AFM for the imaging of po!-
len grains reside in the absence of preparation required , the high 
spatial resolution, compared with SEM images, and the unique 
three-dimensional rendition of the surface topography, which 
avoids diHcult cross·sectioning of the sample. The main limitation 
is the restricted depth of field. AFM is therefore a valuable comple-
mentary microscopy technique for the study of the pollen grain's 
surface morphology. 
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Optical and electron microscopy are routine tools in palynology. 
Recently, the introduction of atomic force microscopy (AFM) 
(Binnig el al. 1986) has extended the range of techniques for the 
imaging of the morphology of surfaces. In optical microscopy 
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the lateral resolution is limited by the wavelength of the light in 
use, typically to about 0.55 ~m. Scanning electron microscopy 
(SEM) has a lateral resolution of typically 5 nm. Both micro-
scopes measure the size of features in the x and y directions (in 
the sample surface plane) but, however, neither provide any 
measurements in the z direction (normal to the sample surface 
plane). Measurement in the z direction requires cross-sectioning 
of the sample, which is quite a delicate technique. AFM. by con-
trast, while providing a lateral resolution of the same order of 
magnitude as SEM, allows direct measurement of the height of 
features with a resolution better than 0.1 nm. The exceptional 
three-dimensional imaging capability has, however, to be paid 
for by a limited vertical range. typically of a few microns. AFM 
has been very successfully used in the imaging of biological 
specimens (Radmacher el af. 1992). Because of the high spatial 
resolution and the unique vertical infonnation allowed by AFM. 
we wanted to test the technique to image the fine ornamentation 
of a pollen grain. 
Aptenia cord/oba L. f., a member of the Aizoaceae family, was 
chosen as a test sample to assess the ability of AFM to image the 
fine structure of a pollen grain. It presents a relatively smooth 
surface without spiny structures which would exceed the vertical 
range of AFM or interfere with the probe. It was also easily col-
lected fro m outside our laboratory. The pollen grains were pre-
pared by the acetolysis technique (Erdtman 1960). 
AFM, in its most basic form, scans a sample under a tip with a 
radius of between 10 and 40 nm at the end of a soft cantilever. 
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Figure 1 Plane (a) and three-dimensional (b) representation of the 
surface of the pollen grain. The grey scale covers 100 nrn in height. 
Note the difference in scale between lateral and vertical dimensions. 
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Figure 2 Area (3.7 ~lm2) wilh line profiles showing the topogra-
phy of the surface. The deplh of the depression is 43 nm (shown by 
markers on the horizontal line profile) , and the height difference 
between a plateau region and a peak is 22 nm as indicated by the cur-
sors (vertical line profile). 
The lip ' feels ' the surface topography monilOred by the deflec-
tion of a laser beam from the back of the cantilever onto a posi-
tion-sensitive pholOdetector. A feedback loop is used to control 
the vertical position of the sample mounted on a piezoelectric 
tube, keeping the force between tip and sample surface constant 
and thus measuring the surface topography. In contact-mode 
AFM the tip is in actual contact with the surface. While appropri-
ale for many samples, this mode, even with applied forces in the 
range of 10·H N, results in surface damage for delicate samples. 
Furthermore, the dragging action of the tip causes round objects 
to roll. Rowley el al. (1995) have recently used contact-mode 
AFM to image the exine substructure in Nuphar. They had. how-
ever, to embed the grain in epoxy and cut sec tions with a dia-
mond knife. We used non-contact AFM to image the pollen 
grain. In this mode, the cantilever is vibrated close to its reso-
nance frequency with the tip 5 nm above the surface. The topog-
raphy of the surface is followed by sensing the variation in the 
van der Waal's forces that cause a shift in the resonance fre-
quency of the cantilever, recorded as a change of vibration ampli-
tude. The feedback loop keeps the force between the sample and 
the tip constant (typically 10.14 N). Because the tip never touches 
the surface. no dragging action takes place on the sample and 
surface damage is avoided. Our sample was imaged as deposited 
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Figure 3 A zoom onto a region of 0.74 x 0.74 ~m2 revealing the 
little grains with lateral dimensions of 40 nm and height of 10 nm. 
from the ethanol directly on a standard steel sample disk without 
any further preparation. 
Figure I presents a plane (l a) and three-dimensional (lb) rep-
resentation of the surface of the pollen grain over an areo. of 5.65 
x 5.65 11m2. Line profiles across the image reveal that the width 
of the walls is typically between 0.1 and 0.2 ~m. The height is 
15 nm but peaks are observed at the junction of morc than three 
walls. resulting in a protruding height of about 73 nm. Small 
grain-like growths are observed on side walls with a width of 
0.13 11m. Further magnification oflhe same region displaying an 
area of 3.7 x 3.7 11m2 is shown in Figure 2a. The two line profiles 
across the image show the nch vertica l structure of the features 
(Figure 2b & c). Figure 3 zooms onto a region 01"0.74 x 0.74 ~m' 
revealing the little grains with lateral dimensions of 40 nm and 
height of 10 nm. Figure 4 presents a three-dimensional rendition 
of a slice of 0.3 x 0.1 11m2 showing the fine structure at the bot-
tom of a crater-like feature, The fine corrugation is about 22 nm 
large and 4 nm high. This type of fine structure would probably 
be impossible to image by any other technique due to lack of 
contrast and resolution. Because, in AFM. contrast is direct ly 
related to topography, with a height resolution better than 0.1 nm, 
fine features are easily revealed. 
Atomic force microscopy used in non-contact mode is a com-
plementary technique to the conventional optical and scanning 
Figure 4 A slice of 0.3 x 0.1 ~m showing the fine structure at the 
bottom of a crater-like feature. 
S. Ali J. Hot. 1996.62(41 
electron microscopy in palynOlogy. The main advantages reside 
in the lal.: k of sample prcparalion required and in the high resolu-
tion. It is unique in giving real three-dimensional images of the 
surfac e structure. Because the contrast is due to the topography, 
ti ne structu res which could not be ObSl!fVed by conventional 
techmques afC easily revcakd. while the grey scale of SEM is not 
always adequate to reveal vertical tine structure. It is therefort! 
the vertical dimension that can he quantifit.:d and used as a fur-
ther criterion for 13xonomic purpose. As the acquired images afe 
in digital form, image analysis is simple and accurate. Muri 
width and hl.!ight, and lacunae areas can easily be measun!d. The 
main disadvantage of the technique is the limited vertical depth 
of tichJ. T he combined use of the various microscopes is likdy to 
further the characterization of pollen grains. 
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